Non-welded interfaces can be treated as a displacement discontinuity characterized by elastic stiffnesses. Applying this boundary condition to a generalized Rayleigh wave, it is shown that a fast and a slow dispersive wave can propagate along the fracture, even when the seismic properties of the rock on each side are identical.
Introduction
The reflection and refraction of seismic waves by welded interfaces between lithologies, across which both stresses and displacements in the wave are continuous, are understood well and are used extensively. Under conditions of low and even moderate effective stress, which may prevail to crustal depths of several kilometers, contacts between lithologies may not be welded. Furthermore, discontinuities in the form of joints, fractures and faults are important crustal features. These discontinuites within the same lithology also may behave as non-welded contacts at low and moderate values of effective stress. There is considerable interest in locating and characterizing both natural discontinuites in rock masses and induced discontinuites such as hydrofractures. In this paper, we develop the theory for a seismic interface-wave that can propagate along a fracture. This theory is based on the seismic properties of a non-welded interface or a displacement discontinuity. We have determined that the seismic response of a single fracture is modeled well by representing the fracture as a boundary between two elastic half-spaces subject to the following set of boundary conditions: continuous stress, but discontinuous displacements [Schoenberg, 1980] . The discontinunity in displacement is defined to be inversely proportional to the specific stiffness of the fracture. We applied this set of boundary conditions to a generalized Rayleigh wave and derived the dispersion relationship of elastic interface waves that can travel along a fracture. These waves are not Stoneley waves [StoneIcy, 1924; Sewaza and Kanai, 1939] because the material properties of the half-spaces on either side of the fracture are the same. Two waves exist: a "slow"
wave which exists at all frequencies and all fracture stiffnesses, and a "fast" wave which exists only for certain excitation frequencies. This paper is not subject to U.S. copyright. Pub- Together, the waves can be thought of as coupled Rayleigh waves. In the limit of low stiffness or high frequency, the fracture behaves as two free surfaces each of which supports a Rayleigh wave. As stiffness is increased, the coupling increases between the two Rayleigh waves, providing two new waves which contain different combinations of the original Rayleigh wave particle motions.
- When the material properties of the media are not equal, the existence of both waves depends on frequency. As the excitation frequency is decreased, the region of existence of both waves diminishes and a region where neither wave exists appears.
Conclusions
Elastic interface waves can exist along a non-welded contact between two media having the same material properties. The "slow" wave always exists, while, the "fast" wave has a threshold of existence which depends on the excitation frequency and the relationship between components of the specific stiffness parallel and perpendicular to the fracture. Both waves are weakly dispersive. When the material properties of the media on either side of the fracture are not equal, the existence of both waves is frequency dependent and depends on the ratio of the shear moduli. 
